(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid latenectaal Property 
Organization 
International Bureau 




llllilililiHIIiDillDliiiUilllillli 



(43) International Publication Date (10) International Publication Number 

25 November 2004 (25.11.2004) PCT WO 2004/101159 A2 



(51) International Patent Ciassiflcation^: B04B 

(21) International Application Number: 

PCT/EP2004/050677 

(22) International FiUng Date: 3 May 2004 (03.05.2004) 

(25) Filing Language: English 

(2(S) Publication Language: English 

(3D) Priority Data: 

031 1173,9 15 May 2003 (15.05.2003) GB 

(71) Applicant (for all designated States except US)i . 
MANN+HUMMEL GMBH [DE/DE]; HIndenburgstr. 
45, 71638 Ludwigsburg (DE). 



(72) Inventors; and 
^= (75) Inventors/Applicants (for US onfyji SAMWAYS, An- 
drew [GB/GB] ; 67 Celtic Crescent, Dorchester Dorset DTI 



2TD (GB). FELL, Anthony, W. [GB/GB]; 12 Long Close. 
Yeovil Someiset BA21 3SE (GB). 

(74) Agent: VOTH, Gerhard; Hindenburgstr. 45. 71638 Lud- 
wigsbuig (DE). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection avaiiable)i AE, AG. AL. AM. 
AT. AU. AZ. BA, BB. BG, BR. BW. BY, BZ. CA, CH. CN. 
CO. CR. CU. CZ. DE. DK. DM. DZ. EC, EE. BG. ES. FI, 
GB. GD. GE, GH, GM. HR, HU. ID. IL. IN. IS. JP. KE. 
KG. KP. KR, KZ, LC LK. LR. LS. LT, LU. LV, MA, MD. 
MG, MK, MN. MW, MX. MZ, NA. NI. NO, NZ, OM, PG. 
PH. PL, PT, RO, RU, SC, SD, SE. SG, SK, SL, S Y, TJ, TM. 
TN. TR, TT, TZ, UA, UG, US. UZ, VC, VN. YU. ZA. ZM. 

zw. 

(84) Designated States (unless otherwise indicated^ for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD. SL, SZ, TZ. UG, ZM, 
ZW). Eurasian (AM, AZ, BY. KG, KZ. MD, RU. TJ. TM), 
European (AT, BE, BG. CH, CY. CZ, DE, DK, EE, ES, FI, 

f Continued on next page] 



(54) TItte: CENTRIFUGAL SEPARATION APPARATUS AND ROTOR THEREFOR 



< 

ON 
IT) 



o 




(57) Abstract: A centrifQgal separation rotor (130, 
Fig 1), for apparatus (110) that removes contaminants 
&om a pumped liquid such as engine lubricant by 
rotating it about axis (124) at high speed, comprises 
a separation and containment vessel (132) having 
impervious side wall (134) spaced from the rotation 
axis and at least one end wall (138) open at (142) 
permit liquid to leave the vessel as fast as it can enter, 
so that a zone (140) is defined adjacent side wall (134) 
that holds a volume of liquid much less than the whole 
volume encompassed by the vessel walls and filled 
in conventional high speed separators. Lower inertia 
and reduced pressure gradients in the liquid permits it 
to be spaced further fixim the axis than is conventional, 
with improved separation efficiency. Liquid is supplied 
to an inlet region (151) defined by a tapered divider 
wall (152) surrounding the axis, one smaller diameter 
end (152i) receiving liquid to be cleaned at the other, 
larger diameter end (1522) forming one or more 
transfer passages (156) from which the liquid is flung 
centrifugally to the separation zone (140). The divider 
wall surface (162) is interrupted by a set of upstanding 
vanes (ISlj) which extend along it and around the 
axle as a helix of such pitch as to form both collector 
vanes to guide liquid entering between the rotating 
vanes towards the transfer passage and motor vanes to 
receive one or more jets of liquid impinging thereon at 
a glancing angle to drive the rotor before being guided 
along the inlet zone. 
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Ceatrifiipal separation appaisAus and rotor therefor 

This invention relates to centri&gal separation apparatus for separating particulate 
5 contaminants fiom liquids, such as circulating lubricating oil of internal combustion 
engines, passed Hirough the ^paratus to effect cleaning, and in particular relates to 
rotor means used within such aj^aratus to perform the actual separation and 
containment of such contaminants. The invmtion is more paxticulady concmied with 
fluid driven separation ^>paiatus and a rotor therefor wherein Hio rotor includes a 
10 container vessel that is rotated at high speed by a limited motive force derived ficom a 
fluid such as &e liquid itself and even more particularly concerned with such 
separation apparatus having a rotor of the so-called open-vessel type discussed in 
more detail hereinafter. 

15 The advantages of centri&gal separation in intemal combustion engine oil filtration is 
well documented in the art, although requirements for modem engines to cater for 
longer service intervals by ensuring efBcient removal of small particles produced 
throughout the interval by combustion products (sometimes referred to as soot) place 
conflicting constraints upon such separation apparatus, particularly in respect of 

20 requiring very high speeds from a limited source of rotor motive power is, such as the 
liquid being cleaned. 



The difGLculties and conflicting requirements for removing such small particulates 
centrifiigally witiiin apparatus economically, physically and functionally suited for a 

25 veUde are set out in US -A-6013700 and in WO-A-02/055207, the latter of which 
proposes a number of embodiments for a so-called open vessel centrifugal separator 
rotor that permits not only a long dwell time for oil in the rotor but also operates wifh 
a low oil mass in the rotor that permits the separation interface to be further spaced 
form the rotation axis than previously and faster rotation speed to be achieved with 

30 fluid pressure as the motive force. Most significantly, it is capable of being driven at 
the necessary sfpeed by the oil to be cleaned, as well as, or instead, by liquid or other 
fluid &om that or a separate source. Unlike the more traditional type of centrifugal 
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separator, wherein a rotor conprises a goieially cylindrical vessel which is filled with 
the liquid at elevated pressure by restricting the rate at which &e liquid can esc^e, 
that is exenq)lified by tiiie US-A-6013700, the open vessel centrifuge has a liquid- 
filled separation and containment zone defined adjacent a circumfeientially outer wall 
5 and extending radially inwardly therefiom only as far as outlet passage means at 
which hquid can escape at a rate in excess of siq)ply, thereby creating a "shell" of 
Uquid, instead of a container full, that pemiits fisister, less power consuming rotation. 

In one particular embodiment diown m WO 02/055207 that repzesents an 

10 arrangement suitable for use witii an automobile engme^ the separation apparatus is 
mounted to provide a substantially vertical rotation axis for the rotor having such open 
vessel construction and the liquid to be cleaned is sprayed as a ftee jet towards inlet 
means, comprising an flnti nlar iulet region extending along and around the rotation 
axis, separated firom the vessel separation zone by a dividing wall having an upwardly 

15 divergent collection sur£ace rotating witii tiie vessel, whereby the liquid impinging on 
the sur&ce is caused by what is conventionally called centrifiigal action to collect and 
spread as a filtn and migrate loiigitudinally inwardly and radially outwardty, 
acquiring by fiictional drag a rotational velocity close to, but less than, that of the 
vessel outer peripheral wall before being fiieed to transfo: firom the inlet r^on to the 

20 separation and containment zone. Rotational energy for the whole rotor is derived by 
causing a jet of liquid or other fluid to impinge on reaction turbine vanes, buckets or 
like surfiices which react to liquid impingement to drive the rotor, preferably using the 
liquid to be cleaned and directing the spent liquid onto the inlet means collection 
surface fbr conveying to the antmlar contaminant separation and containment zone 

25 deiined by the outer peripheral wall of the container vessel as described above. 

Although open vessel centrifugal separation apparatus has a more general 
applicability than in relation to internal combustion engines of vehicles, design of a 
simple open vessel centrifuge for use with internal combustion engines for 
30 automobiles, trucks and like mass produced transport vehicles is constrained by a 
variety of fiictors, in particular the cost of manu&cture, complexity, size and the like, 
which effectively limit the source of power and place practical limitations on 
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achieving the hig^ rotational speeds lequked, such that it is important to ensure that 
motive power and energy put into rotating Ae rotor is used most efGciendy and not 
wasted. 

5 It is an object of the present invention to provide liquid driven centrifugal separation 
s^paratus, and open vessel rotor therefor, of greater efficiency than hi&erto. 

According to a first aspect of the preset invention a rotor for centrifugal separation 
^paratus for separating solid contaminants firom a liquid coiiq>r]ses a walled 

10 contaminant separation and containment vessel having a longitudinally extending 
rotation axis, an impervious outer side wall extending about and along Ihe rotation 
axis spaced radially tfaerefirom and at least one end wall extending from the side wall 
towards the rotation axis, outlet passage means, leading externally of the vessel, 
disposed radially inwardly with respect to the outer side wall, said walls defining 

15 radially inwardly firom the outer side wall an annular contaminant separation and 
containment zone and the outlet passage means defining the radial boundaty of the 
zone, inlet means, arranged to receive liquid to be cleaned and convey it to the 
contaminant separation and contaiiunent zone at a rate less than liquid can be passed 
by the outlet passage means, mounting means for mounting the rotor for rotation of 

20 the vessel about the longitudinal rotation axis, and fluid motor impeller means 
disposed to receive a jet of drive fluid fiiereagainst and responsive to drive fluid 
inq>ingement to rotate the rotor about said longitudinal rotation axis, 
said inlet means fiuther conQ>rising a liquid inlet region, defined about and along the 
rotation axis by a divider wall disposed radially between tihe outlet passage means and 

25 tlie rotation axis, having a liquid inlet end, transfer passage means, spaced fixon tiie 
inlet end, permitting liquid flow between Hie inlet region and contaminant separation 
and containment zone, and a collection &ce of said divider wall facing inwardly 
towards the rotation axis, characterised in that the inlet means includes collection 
impeller means comprising at least one collection impeller vane upstanding with 

30 respect to the divider wall collection &ce into the inlet region and extending about the 
rotation axis and along the divider wall fiom said inlet end towards said transfer 
passage means along a helical path, to constrain the liquid to be cleaned injected into 
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tbe inlet regidn to follow a helical path in the direction of rotation of the rotor inlet 
means towards Ifae transfer passage means. 

Most conveniently there are a plurality of collection impeller vanes constraining 
5 liquid to travel between 1hem« 

( 

The motor impeller means may conqnises a plurality of helical motor impeller vanes 
each having sur&ces disposed at or acyacent the inlet end of the inlet means, each 
upstanding with respect to said dividing wall collection &ce. At least some of tiie 
10 motor tm p ftllflT vanes may be arranged such that spent drive fluid deflected thereby is 
directed along the inlet region. Such motor impeller vanes may be axially disposed 
with respect to tiie collector iny>eller van^ such that their function are separated 
axially or they may overlap axially. 

15 In a preferred form the collection in:Q>ellQ: vanes comprises tiie fluid motor inq>eller 
vanes, so that the drive fluid, which may be the contaminated liquid for cleaning, is 
caused to in^inge iq>on the inxpeller vanes spread along the inlet region such that 
energy for rotation is transferred to the rotor through a large part of its travels along 
the region, not just as a result of impact with a small area of vane near the inlet end. 

20 

According to a second aspect of the present invention a centrifiigal separation rotor 
conqnising a walled contaminant separation and containment vessel having a 
longitudinally extending rotation axis, an in^rvious outer side wall extending about 
and along the rotation axis spaced radially tiierefirom and at least one end wall 

25 extending iiom the side wall towards the rotation axis, including outlet passage 
means, leading externally of the vessel, disposed radially inwardly with respect to the 
outer side wall, said walls defining radially inwardly from the outer side wall an 
annular contaminant separation and containment zone and the outlet passage means 
defining the radial boundary of the zone, inlet means, arranged to receive liquid to be 

30 cleaned and convey it to the contaminant separation and containment zone, and fluid 
motor impeller means to rotate the rotor about said longitudinal rotation axis, also has, 
between the outer peripheral wall and the outlet passage means of at least one end 
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wall, a discharged liquid guide extending longitudinally with respect to a said end 
wall operable to inhibit contact between liquid discharged from the rotor vessel by 
way of the outlet passage means and the external sur&ce of tbe lotor vessel radially 
outwardly of the discharged liquid guide. 

5 

The lotor may be like &at of the preceding two paiagrEQ>hs insofiu as the inlet means 
further comprises a liquid inlet region, defined about and along the rotation axis by a 
divider wall disposed radially between tiie oudet passage means and the rotation axis, 
and collection impeller means. The discharged liquid guide may contprise a tubular 
10 skirt or equivalent surrounding the rotation axis and an annular form of passageway 
formed by one or more apertures through the end wall, or may conqprise one or more 
tubular ducts each associated with an end wall aperture and extending away fiom the 
wall parallel to and or inclined with respect to the rotation axis. 



15 In accordance with a third aspect of tiie present invention centrifugal separation 
apparatus comprises a rotor having a liquid s^aration and containment vessel, a 
housing including mounting means to support said rotor for rotation about a rotation 
axis, drainage means to direct liquid exiting the vessel away from the rotor, fluid 
motor turbine means including drive fluid nozzle means operable to direct a stream of 

20 drive fluid to motor in^ller vanes of the rotor, and vessel supply means operable to 
direct liquid to be cleaned to the rotor vessel, and is characterised by the rotor 
coniprising a rotor as defined by any one of Ifae preceding six paragr^hs and the 
rotor vessel supply means comprising liquid nozzle means opera3>le to direct a jet of 
said liquid to the inlet end of fiie rotor inlet means. 

25 

Preferably the apparatus is arrange to operate with the rotation axis substantially 
vertical such that the liquid is arrange to move tiirough he inlet region subjected 
uniformly at all positions about the rotation axis to a relatively strong centrifugal force 
towards the wall surfece a relatively weak gravitational force.. Because the 
30 gravitational force is so weak in relation to tiie centrifugal force, to orientation of the 
inlet and transfbr passage ends of fhe inlet means may be inverted 
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Embodiments of the invention will now be described by way of exanople with 
lefeience to the acconqianying drawings, in which: 

Figure 1 is a sectional elevation througb a first embodiment of centdfiigal separation 
S apparatus in accordance with the invention, including a rotor for receiving 
contaminated liquid to be cleaned and providing for separation and containment of 
contaminants, fluid motor drive means for the rotor provided by tiie source of tiie 
contaminated liquid, rotor liquid hdet means in the fomi of an annular inlet region 
provided by a suTtoimding annular divider waU and collection in^ller vanes, the 
10 collection impeller ^^es also providing fluid motor impeller vanes for rotation. 

Figure 2 is a cross-section through the inlet means of Figure 1 in the direction 2-2, 
illustrating the collection impeller vanes arrayed around the rotation axis, 

IS Figure 3 is an alternative cut-away perspective view of the separation apparatus xotor 
mounted and upstanding spindle of Figure 1, showing the path taken by contaminated 
liquid through the rotor and, in the end wall forming its base different forms of 
optional discharged liquid guide, 

20 Figures 4(a) to 4(c) are schematic section elevations through conq>onent parts of the 
rotor of Figure 1 in exploded, pre-assembled relationship illustrating its construction, 

Figure 5 is a partly cut-away perspective view of the rotor upper part of Figure 4(c), 
showing details of the collection impeller vanes thereof moulded integrally with a 
25 sleeve forming the inner wall of the inlet region. 

Figure 6 shows in schematic sectional elevation part of a second embodiment cf 
separation apparatus similar to that of Figure 1 with only the lower part of the rotor 
shown and illustrating the provision of separate collection impeller vanes and motor 
3D impeller vanes, 

Figure 7 is a portion of an alternative rotor form, generally similar to tiiat of Figure 3 
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but showing difEeient fanns of discharged liquid guide, and 

Figure 8 is a portion of a fiirlher rotor form similar to tiiat of Figure 7 but showing a 
yet diCCerent form of discharged liquid guide. 

5 

Referring to Figures 1 to 3, a first embodiment of centrifugal separator 110 comprises 
a housing 112 defined by a base 1 14, adapted to be affixed to the engine block of an 
internal combustion engine (not shown), and a removable cover 116. The base 
includes inlet duct means 118, by which contaminated lubricating oil is siq)plied at 
10 elevated jiressure and comprises a liquid to be cleaned, and outlet duct means 120 for 
drainage of liquid fix)m the housing to the engine suxkq). 

A spindle or axle 122, having longitudinal axis 124, is si^>ported at one end thereof 
122i by the base and extends through the housing and engages at its other end 1222 
15 with the cover 116. The separator is designed to be momxted with the axis 124 
substantially vertical. Although this is not essential for the purposes of operation, it is 
preferred in practice. 

Mounted on the spindle for rotation about the axis 124 within the housing is a rotor 
20 130, comprising a walled contaminant separation and contaiimient vessel 132 
(hereafter referred as **the vessel") which has an impervious, radially outer side wall 
134, extending about, and lengthw^ of, rotation axis 124 between end walls 136 and 
138, and a radially inner side wall defined by a tubular sleeve 139. Radially inwardly 
fix)m the side wall 134 is an atitmlar contaminant separation and containment zone 140 
25 (hereafter referred to as •*fhe zontfOt the radially h3aier boundary of tiie zone, as 
denoted by the broken line 141, being defined by the position of outlet i>assage means 
142 in the end wall 138 which leads externally of tiie vessel within the housing. The 
outiet passage means 142 coirprises one or more apertures 143 in the end wall 138, 
shown in the form of circumferentially extending slots, and the end wall 138 is 
30 comected to inlet means, indicated generally at 150 and described hereinafter, which 
is arranged to convey contaminated liquid fi:om radially inwardly thereof to the zone 
140. The outlet passage means 142 is preferably formed, as shown, in tiie end wall 
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fhat fbims die base of llie vessel, but need not be. Furthennoie, the outlet passage 
means may altemativefy be defined by an annular gap rq>iesenting a radial space 
between the end wall and the inlet means. 

5 The rotor 130 also comprises a hub 144 by vMch it is mounted wilh respect to the 
spindle 122. The hub 144 surrounds the spindle and is mounted by axially spaced 
needle roller bearings 146i, 1462, or equivalent low friction hearings, and held captive 
by a nut 148 or analogous retaining cl^ or device. The inner wall sleeve 139 of the 
vessel surrounds the hub to effect mounting of the vessel for rotation with the hub. 

10 

The inlet means 150 comprises a liquid inlet region 151 defined about and along the 
rotation axis by a divider wall 152, also extending around and lengthways of the 
rotation axis 124, disposed radially between the coaxial sleeve and hub combination 
and the zone 140. The divider wall 152 is thus mounted in fixed relationship to the 
15 hub and fho vessel walls for rotation therewifli. The liquid inlet region has a liquid 
inlet end, indicated generally at 154, separated axially from transfer passage means, 
indicated g^erally at 156, that permits liquid flow between the inlet region and the 
^ne 140. 

20 The divider wall 1 52 is tapered, increasing in radius as a fonction of distance from its 
lower end 152i, at the liquid inlet end 154 to its upper end 1522, which is spaced 
axially from the vessel end wall 136 so as to iMX>vide the transfer passage means of 
substantially unobstructed annular form. Thus, the divider wall at the transfer passage 
end has a gieater radius, and is closer to the vessel side wall 134, than at the inlet end. 

25 

The inlet means 150 further comprises collection means, indicated generally at 161, 
defined hi part by a collection face 162 of the divider wall feeing inwardly towards the 
rotation axis. The collection means fonctions to contain liquid injected into the liquid 
entry end of region 151 and convey it towards the transfer passage means, using any 
30 momentum of the injected liquid and rotation of the collection face. 

The contaminated liquid to be cleaned is in principle injected into the inlet end of the 
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inlet means as a £ree jet fix)ni nozzles 164i 1642 etc to make contact with, and be 
contained by tiie rotating collection &ce of the divider wall until conveyed to the 
transfer passage means. 

5 To effect such rotation, fiie separation ^qiaratus 110 includes fluid motor means, 
indicated generally at 170. The rotor comprises a plurality of motor in^idler vanes 
172i, 1722, ... 172i, where ^11 in Hus example, arrayed about fte rotation axis, each 
vane extending from at least one of the divider wall and sleeve towards the oflier 
across Hbe mouth of the inlet region and for at least a short distance in the direction of 
10 the rotation axis, in order to receive a fiee jet of drive fluid thereagainst fiom one or 
more complementary nozzles carried by the base, whereby the vanes, in reaction to 
drive fluid impingement, impart rotation of the rotor as the fluid is deflected thereby, 
spent of some of its energy. 

15 For convenience rather than necessity, in this embodiment the drive fluid is the 
contaminated liquid (oil) to be cleaned and the nozzles 164i, 1642 direct the 
pressurised contaminated liquid onto the impeller vanes 172i etc. which are 
dimensioned and sh^d to deflect the liquid, retaining some of its eneigyand 
momentum from the free jet into the inlet region, so that it is able to make contact 

20 with the collection face of the divider wall. 

Insofar as the motor impeller vanes are disposed at or adjacent the inlet end 1 52 of the 
inlet region dimensioned and shaped to deflect the liquid from die free jet, along the 
iolet region so ^t it is able to make contact with the collection &ce of the divider 
25 wall, the above described component parts of the separation apparatus and rotor 
conform to the disclosure of the above mentioned WO 02/055207. 

However, whereas in that arrangement each liquid jet was concentrated to impinge 
upon a relatively small area of iinpeller vane at the inlet end of the inlet region and 
30 splash or deflect liquid considered spent of usefid energy onto the collection face 152 
alone, in accordance with the present invention the inlet means 150 includes 
collection impeller means, indicated generally at 1 80. 
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As seen more cleady in Figures 2 and 3, tiie collection in^eller means comprises a 
plurality of collection impeller vanes 182i to 182i (where i= 11) each upstanding 
with respect to die divider wall collection &ce 162 into the inlet region ISl and 
5 extending around the rotation axis and along the divider wall from the inlet end 
towards the transfer passage means along a helical or screw path. 

In tbis embodiment each of flie eight collection impeller vanes conveniently, but not 
necessarily, extends beyond the end 1522 of the divider wall and follows a helical path 

10 that has a pitch angle with respect to the rotation axis of less than about 60** and for 
reasons which will become dear a pitch angle of 45* ± 10* is xnefiecred. The number 
of complete turns made by each of the vanes about Ihe longitudinal (rotation) axis is 
dependant of course on the length of the vessel but typically is less lhan two turns. 
Each collection impeller vane, such as say 1 82i, also has a primary fece 182iP fiicing 

15 (albeit obliquely) in a direction towards the transfer passage means and a secondary 
&ce 182is feeing g^erally away from flie transfer passage means in flie direction of 
ftxe inlet end. The vanes each extend substantially papendicularl^ with respect to the 
collection fece, that is, radially, and are substantially equally spaced 

20 The collection impeller means 180 may be structurally separate from the motor 
impeller means 170 but in this embodiment, is integrated with, and considered in part 
to function as, a distributed motor impeller means. For this reason it is appropriate to 
refer to the dual function impeller vanes simply as "impeller vanes". 

25 Thus, in this embodiment, although others will be described hereuiafier, such 
integration of impeller vanes means that not only are there the same number of 
collection in:;>eller vanes as rotor impeller vanes and tiiese are functional^ aligned, 
but the motor impeller vanes are inherentiy upstanding with respect to the divider wall 
collection fece 162 and have, for their functional length, the same helical pitch and the 

30 same primary and secondary feces as the collection impeller vanes. 

Nozzle 164i and any others are arranged to direct the free jets of contaminated liquid 
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at a position periodically occupied by the primaiy &ce of each jeweller vane and 
cause Hie jet of liquid to inq)inge on the vane at a shallow or glancing angle such lhat 
in^ingement, which exerts a motive force on the vane, is distributed not only spatially 
along the vane but also tenqK>rally as tiie vane rotates, the liquid being contained in 

5 the inlet region by &e collection &ce and vanes and thereby constrained to follow a 
helical path in tilxe direction of rotation of the rotor, gradually exchanging tbe energy 
brought with it and retained thereby after movement out of the path of the nozzle jet 
by, imparting a rotation force by way of tiie primary fiice of tiie inq>eller vanes. Such 
continual exchange of energy enables more to be extracted fixnn the liquid and a 

10 greater rotation speed to be achieved without conq>romising on the injection of 
contaminated liquid into the inlet region (as con^ared with a limited exchaiige 
possible and wastage from a single in^nilse turbine and limited liquid injection from 
one as efficient as a Pelton wheel bucket arrangement). However, it is not only the 
rotation speed of flie rotor per se which is of importance; the liquid conveyed along 

15 the inlet region, whilst losing its "brought" energy to the impeller vanes in their motor 
function, also acquires rotational energy from being forced against the collection foce 
162 of increasing radius and prevented from slqypage relative thereto by the arrayed 
upstanding impeller vanes in their collection. The instantaneous linear speed of tiie 
liquid, tangentially to the rotation direction, as tiie liquid moves towards the transfer 

20 passage means increases such that when it leaves the inlet means and is flupg to tiie 
side wall 134 of the separation and containment zone, there is less speed differential 
tiian mi^t otherwise be the case, ensuring that the liquid minimises disturbance of 
conditions in the zone 140 and contaminant separation conditions are achieved for 
that liquid more quickly. 

■ 

25 

Although frmctional interaction between liquid witiiin the inlet region and the impeller 
vane occurs principally in the vicinity of the collection foce of the divider wall rather 
than the tubular sleeve 139 at the hub, it is convenient to define substantially closed 
collection duels drcumferentially between adjacent vanes, subject to the constraints of 
30 economic manufacture. 

Referring to Figure 4, this shows a more schematic sectional elevation the rotor 
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vessel, hub and spindle arrange m e n t of Figure 1 prior to assembly to illustrate a 
preferred manu&cture. Hie rotor 130 coniqmses tfaree components which are 
princ^ally unitary mouldings of plastics material or materials. For the pinpose of 
cleaning an internal combustion engine lubricant at the woddng temperature typical 
5 thereof and providing a suitable combination of strength and lightness, a glass loaded 
nylon material may be enqiloyed Figure 4(a) shows a tubular hub moulding 144 with 
mounting bearings 146i and 1462 and arranged to be secured with respect to solid axle 
122 (shown ghosted) extencfing iqiwardly from the base of the separation ^aratus 
housing. The hub is intended to remain in place on the axle once fitted and the outer 
10 sur&ce 144* of the hub is ribbed or splined along at least part of its lenglfa. 

The rotor vessel 132 is formed in two parts as shown in Figures 4(b) and 4(c% a lower 
part 132l in Figure 4(b) and i^^er part 132u in Figure 4(c)- The upper part is a 
unitary moulding of plastics material, comprising part of outer side wall 134, the 

15 upper end wall 136, the inner side wall/tubular sleeve 139 and, extending outwardly 
from the sleeve, the impeller vanes 182i to 182ii . The inner sur&ce 139' of the 
tubular sleeve 139 is dimensioned and recessed or splined in a manner to cooperate 
with the external surfiace 144* of the hub, fecilitating relative displacement 
longitudinally for assembly or disassembly but not rotationally. It will be seen that in 

20 addition to the impeller vanes tapering to decreased width and distance firom the 
tubular sleeve as a fimction of distance from the end wall 136, the side wall 134 also 
displays a slight taper, fecilitating moulding. Figure 5 provides a perspective view of 
this iq)per part, more clearly showing the shape and disposition of the ]iKq)eller vanes. 

25 Figure 4(b) shows as a corresponding unitary moulding the lower part of the vessel 
132l comprising the remainder of outer side wall 134, lower end wall 138 with outlet 
passage slots 143, and divider wall 152. Both the divider wall and side wall taper to 
increasing radius as a function of distance from the end wall. 

30 It will be seen that the vessel is readily formed by assembling the upper and lower 
parts together and joining the outer walls. Such assembly includes locating the inner 
wall/sleeve 139 and impeller vanes within the divider wall 152, thereby defining the 
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inlet means ISO and die separation and containment zsone 140. Tlie paits may be 
joined pexmanently, defining a sealed vessel which is discarded and replaced when the 
separation and containment zone becomes full contaminants, or may be sq)arable to 
permit cleaning and reuse. In eillier case, the intact v^sel is rdeasably mounted on 
die hub. It is particularly advantageous that the vessel mounting bearings are carried 
by, and remain in, the hub, making the vessel itself more readify discardable insofar 
as, siibject to contaminants removal, the vessel coniprises only recyclable plastics 
(and possibly inert filler) material. 

Notwitiistanding that the divider wall and inqpeller vanes are formed in different parts 
prior to assembly, these parts may be moulded with sufficient precision by 
conventional moulding techniques that the vanes abut the collection &ce of the wall 
and effect a close, upstanding relationshq) therewith. 

It will be appreciated that other constructions may be made as desired. For example, 
tiie outer wall 134 may be formed on the upperor lower part only and joined with the 
end wall of the other part to define the vesseL The impeller vanes may be moulded 
integrally with the divider wall of the lower moulding of Figure 4(b) leaving a tubular 
space for receiving the tubular sleeve 139 of the upper part during assembly. Such 
space may be made to have uniform diameter by increasing the vane width towards 
the iqpper end, that is, correspond to Figure 1, or the vanes may be of uniform width 
so as to have edges which lie parallel to the divider waU spaced fiom the sleeve 139 
towards the transfer passage end whereby a region surrounding tiie itmer wall 139 is 
open dcum&rentially. Alternatively, the tubular body, divider wall and impeller 
vanes may be made as a unitary moulding and the upper and lower vessel wall parts 
assembled around it Notwithstanding the width of each vane and its relationship with 
the divider wall surface 162 and iimer wall 139, and its pitch angle longitudinally, it 
may extend witii respect to the walls other than perpendicularly, that is radially, being 
inclined to the radial direction. 

To provide for ready location of the vessel on the hub 144 and compatible with the 
moulded parts construction the end of the hub is provided with a detent groove 1 8S 
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and chamfered suifeuses in the groove and to one side of the groove at 186 and 187 
respectively. The inner tubular wall 139 of the vessel has towards its u|>per end a 
plurality of resilient fingers 188 around the longitudinal axis and biased towards it 
such that in locating the tubular waU on the hub the finger tips are forced ^art 

hub surfeces 186 and 187 and locate m the detent groove to secure the vessel with 
respect to flie hub. Removal of the vessel fix>m the hub requires only that the fingers 
be displaced and/or longitudinal force be applied to cause flie deteat groove surfoce 
187 to act as a cam and efiEbct the separation tiiat permits removal. If desired, 
inadvertent removal could be prevented by surrounding the arranged fingers with a 
ring, possibly carried by the housing cover 116. 



15 



20 



Whilst there are manu&cturing conveniences and preferences for forming the rotor, 
and particularly the vessel, parts fiom plastics materials, it will be appreciated that 
some or all of the parts may be formed of other materials, particularly sheet metaL 

Although the invention has been described by way of an embodiment in which die 
mlet means has a divider wall collection face tapering linearly wifli increasing radius 
towards the transfer i>assage means in order to maximise the linear ^ed of the liquid 
before transfer, it will be appreciated that the divider wall collection face taper noay 
be other, than linear along the inlet region and that advantages due to the extensive 
helical impeller vanes may be obtained having a divider wall that does not diverge at 
all, the inlet region maititamitig substantially uniform diameter between inlet end and 
transfer passage means. 



25 It will also be understood tiiat the transfer passage means may comprise other than the 
iq>per edge or rim of the divider wall. Although providing for m a ximum 
circumferential transfer, the passage means may alternatively comprise discrete 
apertures through the divider wall at locations along the length of the inlet region as 
described m the aforementioned WO 02/055702. 



30 



It will be appreciated that inso&r as die impeller vanes serve to extract energy fit)m 
die incoming liquid to benefit rotation and to inqpart to flie liquid at tiie coUection face 
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an increased linear speed as it ^proaches the transfer i>assage means, the vane 
configurations may vary along the length of the inlet region to optimise each function. 

The pitch angle of each vane may vary along flie length of the inlet means, for 
5 example reducing as a fimction of distance fiom flie inlet and, possibly continuously 
or in steps in different longitudinal regions. 

In this context the number of vanes associated with the dual function or individual 
fimctions may vaty fix)m the exen^lary eight shown. 

10 

Although it is convenient for the inq>eller vanes to extend for at least the full length of 
the inlet region, it will be appreciated that the vanes may stop short of the transfer 
passage means and/or different sets of impeller vanes extend along different parts of 
the inlet passage; within the context of the vanes having a dual role it wil) be 

15 appreciated that the contribution of each vane to tiiat role varies as a function of 
distance along the inlet region. Therefore if the ostensibly dual role impeller vanes are 
provided by different sets axially such sets may also be ofibet circumferentially, have 
different numbers of vanes and pitch angles in terms of inclination with respect to the 
rotation axis and may each be adapted to performing one of the motor and collection 

20 fimctions in preference to the other. For example, towards the transfer passage means 
where vane function is principally aimed at encouraging rotation of the liquid at the 

collection face, and extraction of motive force from the liquid is small, the impeller 

< 

vanes may be inclined differentiy fixnn to those nearer the inlet end so as to more 
positively pump the liquid towards the passage means, in effect comprise dedicated 
25 collection impeller vanes. 

Whereas the invention has thus fax been described having impeller vanes performing 
dual roles of providing rotation force from the injected contaminated liquid and 
collecting and impelling the injected liquid towards the transfer passage means, such 
30 functions may be separated or one of tiiem jxrovided additionally by specifically 
configured iinpeller vanes or their equivalent This is particularly true in respect of 
providing separate or additional rotor inq>eller vanes. 
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Refexring to Figuie 6 tbis shows somewhat schematicaUy a sectional elevation 
through the base of^ and mounted rotor o^ a second embodiment of centtifiigal 
sepaiation arrangement 210. 

5 

Rotor 230 is substantially as the rotor 1 10 described above with the exception of the 
provision of a set of additional motor impeller vanes 272i - 272i , where i = 11 or 
some other integer. The rotor comprises also the above described outer and inner 
vessel walls 134, 139 and 138, divider wall 152 of mlet region 151 and dual role 
10 collection and motor inq>eller vanes 182i ... 1 82i. 

The additional motor impeller vanes may differ in number and circumferential 
position from the dual-role vanes. As shown, they are arranged to receive a free jet of 
drive fluid 263 (which may be any gas or liquid, including the contaminated liquid) 

15 supplied by one or more nozzles 264i etc in the base and deflect the spent fluid away 
from the inlet region, such tiiat the fluid is used only to rotate the rotor. A separate 
nozzle 164i (or nozzles) directs contaminated liquid for cleaning into the inlet end of 
the inlet region 151 as a free jet. Such contan[iinated liquid may interact with the 
helical collection impeller vanes as described above such that the liquid imparts 

20 rotational driving force to the vanes and the vanes constrain the liquid to rotate with 
the divider wall collection sur&ce and convey it to the transfer passage means. 

Such dedicated additional rotor impeller vanes may take any suitable shape and 
disposition, including the bucket fism comprising the known Pelton wheel. Although 
25 it is conveni^ to situate such additional rotor impeller vanes adjacent the inlet end of 
die inlet means, this is not essential and they may be disposed at any part of the rotor. 

As a variant on the second embodiment (not shown), instead of the liquid being 
injected into the inlet region so as to contribute to the motive power for rotation, 
30 whilst being "collected", the direction of the liquid jet from the nozzle 1 64i and/or the 
collection irr^^eller vanes 182i may be such tiiat the injected liquid contributes nothing 
to effecting rotor rotation but to a greater or lesser extent extracts energy from the 
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rotating inlet means which serves to jmmp flie liquid towards the transfo passage 
means wi& mniritmim lotational speed, ihe motive power for rotation being derived 
only ftom the separate ddve fluid impinging upon tiie separate motor impeller vanes. 

5 It will be understood flmt although in the exen5)lary embodiment of Figure 6 the 
disciete additional motor (or sole motor) impeller vanes have been shown wifli the 
vanes arranged to direct spent drive fluid away fitim flie inlet region to demonstrate 
strongly the possible distinction between fluid drive and contaminated liquid 
collection, such motor impeller vanes may be arranged to direct spent fluid towards 

10 the inlet region to be entrained with the primary source of injected contaminated 
liquid. 

Where the collection in:q>eller vanes perform the collection role separately from the 
motor fimction the collector impeller means may comprise a single collection impeller 

15 vane which serves to guide the liquid with respect to the divider wall surfece to 
prevent uninhibited s^ppage relative thereto in tiie circumferential direction; such an 
arrangement may be considered the equivalent of a pair of such vanes separated by 
360 around the rotation axis. However, for the purpose of balanced operation it is 
preferred to have a plurality of such collection impeller vanes arrayed around the 

20 rotation axis. 

In yet an alternative embodiment of separation apparatus(not shown), which uses tiie 
rotor 130 of Figure 1, the base may be arranged to direct a flee jet of contaminated 
liquid iigected into the inlet means thereof as described but also direct a free jet of 
25 gaseous drive fluid along a similar trajectory (preferably displaced drcumierentially 
aroxmd tiie axis) so as to contribute to the motive power and pass through the inlet 
means and the separation and containment vessel with, but separately from, the 
contaminated liquid. 

30 In the above described embodiments the rotation axis 124 is defined extending 
substantially vertically for various reasons, many of which have been established 
through many years of practice with traditional fiUed-vessel centrifiigal separators. 
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such as ease of access in relation to an ^igine to which fitted, and inso&r as tibie rotor 
is alternately rotated and stopjied with titie engine throughout its operating life it 
encourages the separated contaminants to st^ uniformly distributed about the rotor 
axis rather than slumping to one side thereof when flie rotor is at rest, flierd^y 
5 preserving a better balance when rotation is resumed. However, in princq)le there is 
no functional reason for the seperation apparatus and its rotor not to have a rotator 
axis other than vertical. 

■ 

The above disclosed embodiments not only adopt the traditional vertically extending 
10 rotation axis but also a housing 112 whereas the liquid to be cleaned is fed to die rotor 
from below and drained after discharge by gravity, with the cover 116 being fitted and 
removed tcom above. It will be qjpredated that the arrangement of Figure 1 may be 
substantially inverted with very few modifications to fimction in a substantially 
identical manner. Such an arrangement would provide access to the cover and rotor 
15 from below the separation apparatus for filling and maintenance with the provision of 
a drainage duct corresponding to 120, in the cover. It may also be desirable to 
provide discharge passage means 142 in, or also in, the wall 136 to prevent the vessel 
fiom becoming filled with liquid when not rotating at operating speed; insofar as the 
transfer passage means 156 is adjacent the end wall 136 it is preferred tiiat Hxe outlet 
20 passages 143 m end wall 138 function as the normal outiet passage means with such 
passages in wall 1 36 dedicated to preventing such unwanted filling of the vessel. 

Furthermore, the separation apparatus has been described with an embodiment 
wherein a fixed axle 122 supports the cover 116 and the rotor 130 mounted for 
25 rotation by hub 144. It will be understood that if desired, instead of a fixed axle 122 
the hub 144 may be formed with longitudinally projecting stubs which locate in 
bearing sockets within the housing and cover whereby the rotor carries its own axle. 

As described above the rotor separation and containment vessel 132 has its lower end 
30 wall 138, through which the outer passage means is formed, extending substantially in 
a plane that is perpendicular to flie rotation axis; it will be appreciated tihat within the 
constraints of economical manufacture, that is moulding and/or pressing, the outer 
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periphexBl side wall 134 may tenninate lower than tbie outlet passage means, wbich 
requires fhe end wall to be inclined upwardly towards the outlet passage means, or 
terminate higher than the outlet passage means and require the end wall to be inclined 
downwardly towards the outlet passage means. There may be perceived some 

5 disadvantage in these latter two alternatives, in that the forces exerted on the outer 
side wall of the vessel by its contents duriTig rotation may be more likely to cause 
flexing of an end wall that is not perp^dicular to the axis, and an end waU which 
slopes towards the outlet passage means may be considered least desirable in that it 
not only reduces the amount of containment volume within the rotor but also is more 

10 likely to permit separated contaminants to be carried from the zone 140 by exiting 
liquid and/or dislodged by shock forces. However, inso&r as the inoperative of this 
(or indeed any other) high speed centrifugal separation rotor driven at hig^ speed by a 
free jet fluid motor is to maximise the rotation from the limited motive power 
available, an important factor is to minimise frictional or other analogous effects diat 

15 detract from free rotation. It will be appreciated that in a vessel such as that shown in 
Figure 1 the liquid discharged from the sepamtion and containment vessel at the outlet 
passages 143 in end wall 138, and when freed from the rotational constiaints of the 
vessel continues linearly within the housing until it strikes the cover or other housing 
structure; looked at in relation to the rotating end wall, the discharged liquid tends to 

20 move in an outwardly spiraling arc towards and beyond the side walL &)SO&r as the 
Uquid spills from the outiet passage means, as a result of overflowing rather than 
being forcibly ejected at elevated pressure, there exists a possibility of the liquid 
attaching itself to the end wall and flow thereacross before detachment, and/or 
splashing from the housing in line with the end wall back onto the vessel, and in either 

25 case creates a drag on rotation until finally dislodged so that discharged liquid is 
potentially a source of rotation wapedsmce, 

Refeiring again to Figure 3, in accordance with the inventive aim of achieving 
mflYimnm rotation for the sq)aration zone, there is provided between the outer 
30 peripheral wall 134 and the outlet passage means in the end wall 138 a discharged 
liquid guide 190 extending with respect to the end wall in the direction of the rotation 
axis. The guide is operable to inhibit contact between liquid dischatged from the 
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a 

ouflet pas^ge means and tiie external surface of fhe vessel 132 radially outwardly of 
flie guide. The guide is convenient^ formed integrally with the end wall and in the 
form of a tubular body coaxial with the rotation axis that extends around the outlet 
passage means, the slots 143, forming a drcumferentialfy con9)lete skirt The tubular 

5 skirt is conveniently of uniform diameter, extending longitudinally for such a distance 
that liquid flowing outwardly from the lip or rim 191 thereof does not directly engage 
with the rotor vessel end wall nor ixnpinge upon the housmg at a position where it can 
splash against, and impedes rotation o^ the vessel. The discharged liquid guide need 
not be of uniform diameter along its length, although this may be influenced by its 

10 manufecture. Furfliermore, 4e guide may be disposed anywhere between the outlet 
passage means and the outer periph^al side wall, al&ough maximum benefit is to be 
expected by disposing it closer to the outlet passage means, possibly aligned with and 
comprising an extension of the outlet passage means. The discharged liquid guide 
may be formed other than integrally with the end wall and may, for oxaxaple, 

15 comprise a discrete tubular guide body (not shown) that is secured to an end wall by 
adhesives or welding or such a body may be formed with axially extendmg, 
iqpstandmg lugs that extend into the outlet passage means and locate it, possibly 
releasably, with respect to the end walL 

20 Referring to Figure 7 this shows a portion of a separation rotor generally shnilar to 
Figure 3 but wherein the lower end wall 136 includes outlet passage means 142 
differing fiom the simple through apertures 143 that define a weir over vMch excess 
liquid can flow to discharge. One or more of apertures 143' arranged about the 
rotation axis are each defined by a tubular discharge duct extending through and away 

25 ftom the wan whereby fhe discharged liquid is guided away fiom unwanted 
engagement with the rotor or housmg wall. Such outlet passage discharge ducts 
extend with longitudiially respect to the rotation axis 124 and are preferably inclined 
with respect to the rotation axis in a similar maimer to the jet reaction nozzles of a 
conventional reaction driven centrifiige rotor, although of course the discharged liquid 

30 does not here provide a driving force, so that the liquid is discharged in a generally 
tangential or radially outward direction. 
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If desired there may be fonned a combination of wdr-type outlet passage means as 
shown in Figures 1 to 6 and oudet passage ducts, which inherently fonn discharged 
liquid guides, disposed close to the outer peripheral wall 134 whereby some of the 
liquid held by Ae centrifiigal force of rotation efEectively at elevated pressure is 
5 forced to leave the vessel by way of such duct fomis of outlet passage means. 
Refeiring to Figure 8, the (Iowa:) end wall 138 of fliis vessel may be provided as a 
double wall comprising an inner end wall 138i and an outer end wall 138o defining 
therebetween an annular cavity 192. 

The outlet passage means 142 is formed by the aforementioned series of slots 143 in 
tfie inner end wall 138i and by an open annulus 193 defined by a radially inner edge 
138 o of the outer end wall 138o. Furthermore, the outer end wall carries at said inner 
edge an axially extending, tubular skirt forming discharged liquid guide oorrsponding 
to the guide 191 The annular cavity includes a plurality of radially extending divider 
vanes and one or more outlet passage ducts 143" which extend through the outer end 
wall and open on a direction opposite to tiie rotation. In operation, initially at low 
speed the discharged liquid exits through the annular outlet passages 143 and annulus 
193; as speed increases the liquid tends to flow across the inner end wall into the 
cavity where it accumulates and, in analogous manner to the zone 140 of the vessel, 
pressure gradually builds, forcing the liquid out by way of the closed ducts 143" and 
in a direction that discharges it clear of outer end wall of the vessel. If the flow of 
liquid through the vessel (zone 140) increases and the cavity 192 fills, the anular 
passage 193 with surroundiag skirt provides also outlet passage and discharged liquid 
guide. The outer end wall and outlet passage ducts Ihereui may be a s^arate structure 
mounted with respect to an erstwhile single end wall 136 of the vessel (as shown in 
Figure 1). 

Although the embodiments shown and described have the outlet passage means in the 
lower end of the vessel, this is not essential and such passage means may be formed 
30 alternatively and/or additionally at the upper end of wall 136. In such event, such 
discharged liquid guide means is of even greater value to counter the effects of gravity 
driving the discharged liquid towards the rotor to ixia^de its rotation. 



10 
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It will be appreciated that the dischaiged liquid guide fimctions independendy of the 
stnictme of the inlet means, that is, irrespective of the presence or absence of helical 
collection impeller vanes and accordingly may be en[Q>loyed widi open vessel 
5 centrifiigal rotors such as those described in the aforementioned WO 02/055207. 



V 
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Claims 

1. A centrifiigal sq)aiation rotor for centrifugal separation ^iparatus for separating 
5 solid contaminants from a liquid, 
the rotor conqirising 

a walled contaminant separation and containm^t v^sel having a longitudinally 
exl^iding rotation axis, an impervious outer side wall extending about and along 
the rotation axis spaced radially therefiom and at least one end wall extendiog fnom 
10 the side wall towards the rotation axis, 

outlet passage means, leading externally of the vessel, disposed radia% inwardly 
with respect to the outer side waU, 

said walls defining radially inwardly from the outer side wall an annular 
contaminant separation and containment zone and the outlet passage means 
15 defining die radial boundary of the zone, 

inlet means, arranged to receive liquid to be cleaned and convey it to the 
contaminant separation and containment zone at a rate less than liquid can be 
passed by the outlet passage means, 

mounting means for mounting the rotor for rotation of the vessel about the 
20 longitudinal rotation axis, and 

fluid motor in^eller means disposed to receive a jet of drive fluid thereagainst and 
re^onsive to drive fluid infringement to rotate the rotor about said longitudinal 
rotation axis, 

said inlet means further comprising 
25 a liquid inlet region, defined about and along the rotation axis by a divider 

wall disposed radially between the oudet passage means and the rotation axis, 

having a liquid inlet end, 

transfer passage means, spaced fix)m the inlet end, permitting liquid flow 

between the inlet region and contaminant separation and containment zone, and 
30 a collection &ce of said divider wall fiidng inwardly towards the rotation 

axis, 

characterised in that 
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flie inlet meaiis includes coUectioii iicpeller means con^rising 
at least one collection impdlaac vane each vane tq[>standing with respect to fte 
divider wall collection &ce into the inlet region and extending about fiie rotation 
axis and along the divider wall £Eom said inlet end towards said transfer passage 
means along a helical path, to constrain the liquid to be cleaned injected into the 
inlet region to follow a helical path in the direction of rotation of tibe rotor inlet 
means towards the transfer passage means. 



10 



2. A centri&gal separation rotor as claimed in claim 1 in which the fluid motor 
impeller means comprises a plurality of motor impeller vanes disposed at or 
ac^'acent the inlet end of the inlet means, each upstanding witii resfpect to . said 
dividing waU collection face. 



3. A centrifugal separation rotor as claimed in claim 2 in which the motor impeller 
15 vanes extend about the rotation axis and along the dhdder wall from said inlet end 
towards said transit passage in ttie same directional sense as the collection 
impeller vanes. 



4. A centrifugal separation rotor as claimed in claim 3 in which the motor impeller 
20 vanes each have a primary &ce feeing in a direction towards the transfer passage 
means and are arranged to receive drive fluid injected into the inlet region on said 
primary face and deflect spent fluid in a direction between said collection impeller 
vanes towards the transfer passage means. 



25 5. A centrifiigal separation rotor as claimed in any of Ibe preceding claims in which 
'die helix pitch angle of each collection incq[)eller vane is in the range 35 to 55°. 

6. A centrifugal separation rotor as claimed in any of the preceding claims in which 
the hehx pitch angle of each collection impeller vane is substantially equal to 45°. 

30 

7. A centri&gal separation rotor as claimed in any one of die preceding claims in 
which the rotor comprises an assembly of three integral mouldings of plastics 
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material, a first moulding conqmsing one end wall, tibe nmer side wall and at least 
one collection ixxq)eller vane, a second moulding comprising an end wall and 
divider wall dimensioned to receive at least some of tlie impeller vanes in contact 
witii the collection &oe thereo:^ at least one of said first and second mouldings 
5 including at least part of the outer side wall, and a lliird moulding comprising a 
mounting hub dimensioned to receive the inner side wall dieiearound • 



8. A centrifugal separation rotor as claimed in any one of the preceding claims 
having at least one end wall thereof extending fixmi flie outer peEq>heral wall 

10 towards the rotation axis, including outlet passage means and, betwera the outer 
peripheral wall and the outlet passage means of at least one end wall, 
a discharged liquid guide extending longitudinally with respect to a said end wall 
operable to inhibit contact between liquid discharged fiom the rotor vessel by way 
of tiie outlet passage means and the external sur&ce of the rotor vessel radially 

IS outwardly of the discharged liquid guide. 



9. A centrifugal sei^ation rotor for centrifugal sqpaiation apparatus for sq)aiafing 
solid contaminants fiom a liquid, 
the rotor conq>rising 

20 a walled contanunant separation and containment vessel having a longitudinally 
extending rotation axis, an impervious outer side wall extending about and along 
ibe rotation axis spaced radially therefi'om and at least one end wall extending 
fcom the side wall towards the rotation axis, including outlet passage means, 
leading externally of the vessel, disposed radially inwardly with respect to the 

25 outer side wall, 

said walls defining radially inwardly from the outer side wall an annular 
contaminant separation and containment zone and the outlet passage means 
defining the radial boundary of the zone, 

inlet means, arranged to receive liqind to be cleaned and convey it to the 
30 contaminant separation and containment zone, 

fluid motor impeller means to rotate the rotor about said longitudinal rotation axis, 
and 
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characterised by a discharged liquid guide extending longitudinally with respect to 
a said end wall operable to inhibit contact between liquid discharged firom the 
lotor vessel by way of the outlet passage means and the external sur&ce of the 
rotor vessel radially outwardly of ilie discharged liquid guide. 

5 

10. A centrifugal separation rotor as claimed in claim 8 or claim 9 in which the 
discharged liquid guide extends around the outlet passage means as a 
drcumfbrentially coiiq>lete skirt 

10 }L A centrifogal separation rotor as claimed in claim 10 in which the discharged 
liquid guide skirt is aligned with and comprises an extension of the outlet passage 
means. 

12. A centrifugal separator comprising a bousing including mounting means to 
15 support a rotor including a liquid separation and containment vessel for rotation 

about a rotation axis, drainage means to direct liquid exiting the vessel away fiom 
the rotor, fluid motor turbine means including drive fluid nozzle means operable 
to dicect a stream of drive fluid to motor iii:q>eller vanes, and vessel supply means 
operable to direct liquid to be cleaned to the rotor vessel, characterised in that the 
20 rotor comprises a rotor as claimed in any one of the preceding claims and the 
vessel supply means comprises liquid nozzle means operable to direct a free jet of 
said liquid to the inlet endof fhe inlet means. 

13. A centrifugal separator as claimed in claim 12 in which the liquid no^e means is 
25 arranged to direct said ftee jet of liquid to the inlet end of the inlet means direct^ 

or indirectly incident i^on the primary face of each said collection inq>eller vane 
sudb that the collection impeller vanes fimction also as motor impeller vanes 
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